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PROCESS FOR PREPARING ARYLAMINES 
The invention relates to a process of preparing a tertiary 
amine by condensation of a mono- or di-secondary amine and 
a mono-or di-iodoaryl compound under certain conditions, and 
to the resulting products. 
5 This invention provides an improved chemical process 

for the preparation of this class of tertiary amines. The 
reaction involved can be classified as a particular form of 
the Ullman condensation reaction. The reaction is between 
an aryliodide and an arylamine. In other words, the reaction 

10 involves the arylation of a secondary amine. The resulting 
product is either a non-polymeric compound or a polymeric 
compound, depending upon the starting materials used. 

The chemical literature shows that the most useful 
synthesis of arylamines involves the coupling of a diaryl- 

15 amine and a haloaromatic compound, preferably an iodo- 

aromatic compound, in the presence of a base and copper in a 
polar solvent. The reaction which led to this synthesis was 
discovered by F. Ullmann (Chem. Ber. 3_6, 2382 (1903)). This 
reaction is difficult and possesses many undesirable 

20 features. Normally it is necessary to use a high temperature 
reaction, i.e. at over 200°C. in a polar solvent with a 
copper catalyst and K^CO-j base to achieve arylation at a 
reasonable rate. In an analogous reaction, not of the kind 
to which the present invention relates (S. C. Creason, et al. , 

25 3 . Org. Chem., 37, 4440 (1972)), a substituted aniline is 

reacted with iodobenz ene at about 200°Cj potassium carbonate 
and copper are employed without a solvent. These processes 
require too high a temperature which introduces lack of 
control and difficulties in operating the processes. The 

30 intended products of these reactions are obtained in 
comparatively poor yields. 

In U.S. Patent 3,314,788, there is disclosed the 
reaction of a primary aryl diamine and an alkyl halide (see 
column 2, lines 39-47). This reaction is distinguished 

35 from the reaction of a secondary diarylamine and an aryl 
halide. This latter reaction is said to be difficult and 
expensive and yields phenyl instead of benzyl derivatives. 
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This reaction, which is of the type with which the present 
invention is concerned, is no longer difficult and expensive 
if it is conducted in accordance with the present invention. 
It is an object of the present invention to provide a 
5 process which enables arylamines to be prepared in a rela- 
tively easy manner and in comparatively high yields* 

The invention provides a process of preparing a tertiary 
amine by the condensation of a mono- or di-secondary amine 
and a mono- or di-iodoaryl compound, characterised in that 
10 the condensation reaction is conducted in the presence of 

potassium hydroxide and a copper catalyst, and either in the 
absence of a solvent or with an inert saturated hydrocarbon 
solvent, in an inert atmosphere, at a temperature from 120°C 
to 190°C for a period of time sufficient to at least • 
15 substantially complete the reaction. 

Preferred mono-secondary amines have the general 
formula R^R^HH wherein F? 2 and Ry (which may be the same or 
different) are alkyl, alkenyl, aryl, alkaryl or aralkyl. 
Examples of these amines are : 3-methyldipbenylamine , diphenyl 
20 amine and diethylamine . 

Preferred di-secondary amines have the general formula 
R^HN-R^-NHR^ wherein is divalent arlyene or alkylidene and 
R^ is aryl. Examples of these amines are N,N .'-diphenyl - 
[1,1 1 -bi phenyl] -4, 4 '-diamine ; N,-N'-diphenyl-[phenylene]-1 ,4- 
25 diamine; N ,N 1 -diphenyl-[p^p n -terphenyl ] -4 , 4 n -diamine ; N,N r - 
diphenyl-Cpjp- 1 1 1 -quatraphenyl]-4,4 M 'diamine, and 4,4' -iso- 
propylidene bis(diphenylamine) . 

Examples of mono- and di-iodoaryl compounds are: 4,4 r - 
di-iodobiphenyl ; 1 ,-4-diiodobenzene ; 4,4"-diiodoterphenyl; 
30 1 ,6-diiodopyrene; 3,6-diiodo-N-ethyl-carbazole; 4,4 ,J ! -di- 

iodoquatraphenyl ; 2 , 2-bis(4-iodophenyl ) propane ; io do benzene; 
and p-iodot.oluene. 

It is obvious that when one of the reactants is mono- 
functional the resulting tertiary amine will be non-poly- 
35 meric. When the reactants are both di functional a polymeric 
polytertiary amine will result. 

The condensation reaction is conducted in the presence 
of potassium hydroxide and a copper catalyst (generally in 
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powder form) either in the absence of a solvent or with an 
inert saturated hydrocarbon solvent, in an inert atmosphere 
at a temperature from 120°C to 190°C for a period of time 
sufficient to substantially complete the reaction. 

In prior art reactions for producing similar products 
to those of the present invention, significant variations 
in catalytic effect were observed when different copper 
catalysts were employed with potassium carbonate as the base. 
The use of KOH as the base has been found significantly to 
mitigate these variations. The mitigation is so great that • 
it has been found that any finely divided copper catalyst can 
be employed so long as potassium hydroxide is employed as 
the base. Examples of copper catalysts are: metallic copper 
powder, cupric oxide, cuprous oxide, cuprous sulfate and 
cuprous sulfide. In fact, any copper catalyst heretofore 
commonly used in the Ullmann condensation reaction can be 
employed. In addition, the use of KOH allows shorter 
reaction times and lower reaction temperatures. 

It has been found that an inert atmosphere is necessary 
for obtaining the intended product of the process. The inert \ 
atmosphere should be as inert to the reaction as is practic- 
able. Examples of gases providing an inert atmosphere are 
argon, nitrogen and methane. The insert atmosphere should be 
present at the beginning of the reaction and, in particular, 
by the time the amine component is introduced into the reac- 
tion system. 

In this reaction the ratio of base to amine should be 
such that the base^ is present as an excess in relation to 
the amine. The molar ratio can generally range from 1.5 to 
1 to 6 to 1 . 

As indicated above, the use of KOI! allows significant 
reduction in the reaction temperature as compared to prior 
art reactions employing K^CO^ as the base. The reaction 
temperature range can be from 120°C. to 190°C, with the 
preferred reaction temperature being from 135 to 165°C. At 
temperatures lower than about 125°C, the* reaction* doe's not 
proceed at a practical rate because the KOH/Cu does not form 
a melt until this temperature. 
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The process of* the present invention can be carried out 
in the absence of a solvent when the intended product is very 
soluble at ambient temperature in the inert hydrocarbon sol- 
vent. When the intended product is at least relatively in- 
5 soluble at ambient temperature in the inert hydrocarbon sol- 
vent, the use of KOH yields a relatively pure product which 
can be further highly purified by recrystallisation from the 
same solvent. Aprotic or polar solvents cannot be employed 
without formation of interfering and yield-reducing by-prod- 
10 ucts. 

An advantage of the present process is the fact that 
relatively pure product can be obtained via the present pro- 
cess when KOH and an inert hydrocarbon solvent system is 
employed. This is distinguished from employing an aprotic 

15 or polar solvent. A further advantage gained from the use 
of an inert high boiling hydrocarbon solvent lies in the 
fact that the intended reaction product can be purified 
from the same solvent. \ This eliminates difficult handling 
conditions when a different solvent or purification means is 

20 employed. 

Any commercially available KOH in flake or pellet form 
with a low water content can be employed. The flake form is 
preferred. 

The inert hydrocarbon solvent is normally an aliphatic 
25 hydrocarbon having an initial boiling point above 170°C, 
for example dodecane or tetradecane. 

Particularly preferred solvents are mixtures of C„-C„ r 

1315 

aliphatic hydrodarbons, for example Soltrol 170 (initial b.p, 
218°C), and Soltrol 130 (initial b.p. 176°C.) available from 
30 Phillips Chemical Company. "Soltrol" is a Trade Mark. 

The following examples are non-limiting illustrations of 
the present invention. 

EXAMPLE 1 

Preparation of N^^diphenyl-NyN'-bis-CS-methylphenyl)- 
35 [1 ,1 '-biphenyll-^A'-diamine having the following structural 
formula: 
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Into a 250 ml, three necked round bottom flask equipped 
with a mechanical stirrer and a thermometer with temperature 
controller and purged with argon were placed 8.1 grams di- 
5 iodobiphenyl (0.02 mole), 14.6 grams 3-methyldiohenylamine 
(0.08 mole), 9 grams potassium hydroxide flake (0.16 mole), 
6 grams copper powder and 12 ml Soltrol 170 (a mixture of 
C 13~ C 15 ali P hatic hydrocarbons from Phillips Chemical 
Company). The system was maintained under this inert atmos- 

10 phere throughout the reaction. The contents were heated to 
160°C for about 5 hours with moderate stirring. The product 
was isolated by the addition of 150 ml Soltrol 170 and hot 
filtration (at about 140°C)to remove inorganic solids. The 
yellow filtrate was cooled with stirring, yielding a yellow 

15 solid. The yellow solid was dissolved in toluene and column 
chromatographed using Woelm neutral alumina with toluene as 
eluent. A colourless solid was recovered from the mother 
liquors and recr ystallised from n-octane to yield colourless 
crystals of the intended product, melting point 167~168°C, 

20 with a yield of 85%. 

EXAMPLE II 

Preparation of N ,iM 1 -diphenyl-N,N 1 -bis (3-methylphenyl )- 
(p-terphenyl )-4 ,4 n -diamine having the following structural 
formula : 



25 
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The same equipment and conditions as in Example I were 
employed with the following charge: 9.6 grams (0.02 mole) di- 
iodoterphenyl , 14.6 grams (0.08 mole) 3-methyldiphenylamine ; 
9.0 grams (0.16 mole) potassium hydroxide flake, 6.0 grams 
5 copper powder, 12.0 ml Soltrol 170. The above-identified 
intended product was obtained as colourless crystals having 
a melting point -188-190°C. The yield was 75S. 

EXAMPLE III 

Preparation of N,W l ~diphenyl-N,W f -bis[3-methylphenyl]- 
10 pyrenyl-1 , -6-diamine having the following structural formula : 




The sameequipment and conditions as in Example I were 
employed with the following charge: 9.1 grams (0*02 mole) 
1 ,6-diiodopyrene, 14.6 grams (0.08 mole) 3-methyldiphenylamine, 

15 9.0 grams (0.16 mole) potassium hydroxide flake, 6,0 grams 
copper powder and 12.0 ml Soltrol 170, After column chroma- 
tographing the green filtrate using toluene as the eluent, 
the resulting deep yellow solid was extracted with acetone 
to yield yellow crystals of the intended compound having a 

20 melting point of 236 0 -238 0 C. The yield was 753. 

E XAMPLE IV 

Preparation of N-ethyl-2,7-bis[N '-phenyl -N r -(3-methyl- • 
phenyl )-amino] carbazole having the following structural 
formula: 
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The same equipment and conditions as in Example I were 
employed with the following charge: 8.4 grams (0.02 mole) 
3,6-diiodo-N-ethylcarbazole, 14.0 grams (0.08 mole) 3-methyl- 
5 diphenylamine, 9.0 grams (0.16 mole) potassium hydroxide 

flake, 6.0 grams copper powder and 12.0 ml Soltrol 170. The 
above-identified product was obtained as a colourless solid 
having a melting point of 195°-197°C. The yield was 7255. 

EXAMPLE V 

10 . Preparation of N ,N 1 -di phenyl -N ,W , -bis-(3* j nethyl phenyl ) - 

[1,1 '-biphenylJ-4, 4 '-diamine having the structural formula in 
Example 1 in the absence of the aliphatic hydrocarbon solvent. 

A 500 ml 3 necked round bottom flask equipped with an 
argon purge, a condenser and an overhead mechanical stirrer 

15 was charged with 81.2 grams (0.2 mole) 4 ,4 • -diiodobiphenyl , 
146.4 grams (0.8 mole) 3-methyl Hi phcnylami nc , 89.6 grams 
(1.6 mole) K0H flake and 80 grams (1.0 mole) copper powder. 
The flask was immersed in a 165°C oil bath and the two-phase 
melt was stirred for 3 hours. Thereafter, hot (140°C) 

20 Soltrol 170 was added and the inorganic solid separated by 

vacuum filtration. On cooling, the product crystallised from 
the filtrate and was isolated in 8935 yield by filtration. 
Purification was accomplished by slurrying the product with 
neutral alumina (10 grams) in 1 litre of Soltrol 170 at 150°C. 

25 for six hours. The alumina was removed by filtration and the' 
purified product crystallised from the filtrate on cooling. 
Isolation by filtration was accomplished with a 95% recovery 
of the product. 
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EXAMPLE VI 

Preparation of N ,N » -diphenyl-N,-N 1 -bis (3~methylphenyl ) -1 , 
4-phenylenediamine having the following structural formula: 




The same equipment and conditions as in Example I were 
employed with the following charge: 6.6 grams (0.02 mole) 
1 ,4-diiodobenzene, 14.6 grams (0.08 mole) 3-methyldiphenyl- 
amine, 9.0 grams (0.16 mole) potassium hydroxide, 6.0 grams 
copper powder and 12.0 ml Soltrol 170. The above-identif ied 
intended product was obtained as a colourless product having 
a melting point of 195°-197°C. The yield was 8155. 

EXAMPLE VII 
Preparation of triphenylamine. 

The same equipment and conditions as in Example I were 
employed with the following charge: 20.4 grams (0.1 mole) 
iodobenzene, 27.4 grams (0.15 mole) diphenylamine , 16.8 grams 
(0.3 mole) potassium hydroxide flakes, 15-0 grams copper 
powder and 30.0 ml Soltrol 170. The above-identified prod- 
uct was obtained as colourless crystals having a melting- 
point of 125°-126°C. The yield was 32%. 

EXAMPLE VIII 

Preparation of 3-methylphenyldiphenylamine. 

The same equipment and conditions as in Example I were 
employed with the following charge: 20.4 grams (0.1 mole) 
iodoibenzene, 27.5 grams (0.15 mole) 3-methyldiphenylamine , 
15.0 grams copper powder and 30.0 ml Soltroi 170. The above- 
identified intended product was obtained as colourless 
crystals having a melting point of 69°-70°C. The yield was 
75%. 
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EXAMPLE IX : 

This example relates to the preparation of the polymer 
resulting from the condensation of 4 ,4 ' -isopropylidene bis 
(diphenylamine) and 4 ,4 1 -diiodobiphenyl . 

In a 100 ml. three-necked round bottom flask equipped 
5 with a mechanical stirrer and purged with argon were placed 
9.3 grams (0.025 mole) 4,4 '-isopropylidene bis (diphenylamine ) , 
16.9 grams (0.3 mole) potassium hydroxide flakes, 7.5 grams 
copper powder and 25 ml tetrahydronaphthalene . With the aid 
of an oil bath, the mixture was heated to170°C with stirring 

10 for one hour. The 4 ,4 » -diiodobiphenyl, in an amount -of 10.3 
grams (0.025 mole), was added and the heterogeneous mixture 
was allowed to be stirred for 18 hours. The reaction was 
cooled and 25 ml tetrahydrofuran was added and brought to 
reflux. The liquid portion was decanted and the tetrahydro- 

15 furan reflux wash was repeated three times. The resulting 
solution was filtered and a fine yellow precipitate was 
formed upon addition to one litre of ethanol. The precipi- 
tate was dissolved in toluene and precipitated into acetone. 
This toluene-acetone sequence was repeated. The product was 

20 again dissolved in toluene and column chromatographed on 

Florisil, i.e. a magnesium silicate. The colourless eluent 
was precipitated into ethanol and dried to yield {65%) of 
a colourless powder. This polymer had Mn of 10,000 and Mw 
greater than 20,000 as determined from a gel permeation 
chromatography analysis and vapour phase osmometry. 

25 EXAMPLE X 

This example relates to the preparation of the polymer 
resulting from the condensation of N,-N '-diphenyl[l ,-1 '- 
biphenyl]-4, 4 '-diamine and 1 ,4-diiodobenzene. 

In a 100 ml, three-necked round bottom flask equipped 
30 with a mechanical stirrer and purged with argon is placed 
3.36 grams (0.01 mole) N,-N'-diphenyl-[l ,1 * -bi phenyl ] -4,4'- 
diamine, 4.5 grams potassium hydroxide flakes, 3.0 grams 
copper powder and 30 ml tetrahydronaphthalene. With the 
aid of an oil bath, the mixture was heated to 150°C for one 
35 hour. The 1 , 4-diiodobenzene , in an amount of 3.29 grams 
(0.01 mole), was added and the heterogeneous mixture was 
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stirred at 150°C for 3 to 4 hours. The mixture was filtered 
while hot.* 25 ml tetrahydrofuran were added and the mixture 
was brought to reflux. The tetrahydrofuran reflux wash was 
repeated three times. The resulting solution was filtered 
and a precipitate formed by the addition of a litre of 
methanol. The precipitate was isolated and purified to give 
a yield of 4.0 grams of the polymer. 
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CLAIMS 

1* A process of preparing a tertiary amine by the con- 

densation of a mono- or di-secondary amine and a mono- or 
di-iodoaryl compound, characterised in that the condensation 
reaction is conducted in the presence of potassium hydroxide 
and a copper catalyst, and either in the absence of a solvent 
or with an inert saturated hydrocarbon solvent, in an inert ■ 
atmosphere, at a temperature from 120°C to 190°C for a 
period of time sufficient to at least substantially complete* 
the reaction, 

2. The process of claim 1 wherein the copper catalyst is 
copper powder, 

3. The process of claim 1 or 2 wherein the reaction is 
carried out at a temperature from 135°C to 163°C. 

4. The process of any of claims 1 - 3 wherein the reaction 
is carried out in the presence of a solvent which is an ali- 
phatic hydrocarbon having a boiling point above 170°C. 

5. The process of claim A wherein the solvent is a mixture 
of C-|3~C-j5 aliphatic hydrocarbons. 

6. The process of any of claims 1-3 wherein the reac- 
tion is carried out in the absence of a solvent. 

7. The process of any of claims 1-6 wherein the potass- 
ium hydroxide is employed in flake form. 

8. The process of any of claims 1 - 7 wherein the molar 
ratio of base to amine is from 1.5:1 to 6:1. 

9. The process of any of claims 1 - 8 wherein there is 
employed a mono-secondary amine having the general formula 
R^R-jNH wherein f? 2 and R 3 (which may be the same or different) 
are alkyl, alkenyl, aryl, alkaryl or aralkyl, or a di-second- 
ary amine having the general formula R^HN-R^ HR^ wherein R 

is divalent arylene or alkylidene and R^ is aryl. 

10. Non-polymeric amines and polymeric polytertiary amines 
which have been prepared by the process of any of claims 1 - 
9. 



